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C OBSTRUCTION  FOUNDATION  REPORT 
BOUMAN-HALEY  DAK 

MISSOURI  RIVER  BASIN,  NORTH  DAKOTA 
CHAPTER  1.  -  INTRODUCTION 


1.1  LOCATION  AND  GENERAL  DESCRIPTION  OF  PROJECT:  The  Bowman-Hal ey  Project 
is  located  on  the  north  fork  of  the  Grand  River  in  a  sparsely  settled  area  in 
southwestern  North  Dakota.  The  north  fork  basin  is  bounded  by  the  Little 
Missouri  River  on  the  west  and  north.  Other  Grand  River  tributaries  bound 
the  basin  to  the  east  and  south.  The  project  is  about  6  miles  upstream 
(west)  of  the  town  of  Haley,  North  Dakota.  The  geographic  location  of  the 
project  is  shown  on  Plate  1.  The  project  layout  is  shown  on  Plate  2. 

The  following  tabulation  svmmarizes  pertinent  data  for  the  project's 

structure,  the  reservoir,  and  flood  design: 

Drainage  Area 

Above  Bowman-Haley  Damsite  -  471  square  miles. 

Reservoir  Area 


Top  of  Design  Pool 

Top  of  Controlled  Storage 

Top  of  Flood  Control  Pool 

Top  of  5-year  Freq.  Flood  Control  Pool 

Top  of  Multi-purpose  Pool 

Storage  Capacity 

Total  @  2789  m.s.l. 

Gross  Controlled  Storage  @  2781.00 
Flood  Control  @  Spillway  Crest  of  2777.0 
Mul ti-purpose 
Sediment  reserve 

Elevations 

Top  of  Dam 
Multi-purpose  Pool 
Maximum  Pool 

Emergency  Spillway  Crest 
Top  of  Fuse  Plug 


i  g  ft •  8eS  el  • 

Acres 

2789.0 

8130 

2781.0 

6050 

2777.0 

5170 

2758.3 

2200 

2755.0 

1750 

Acre-Feet 

171,838 

113,940 

m.s.l.  92,980 

19,780 

4,280 

Feet,  m.s.l. 

27 94.0 
2755.0 
2789.0 
2777.0 
2781.0 
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Type 

Maximum  height  above  River 
Crest  Length 
Fill  Quantity 

hcrgency  Spillway 

Type 

Bottom  Width 
Side  Slopes 
Crest  Elevation 
Top  of  Fuse  Plug 

Service  Spillway 

Type 

Throat  diameter 
Conduit  diameter 
Conduit  length 
Crest  elevation 

Upstream  invert  elevation  (P.T.) 
Downstream  invert  elevation 
Capacity,  Pool  El.  2773 
Capacity,  Pool  El.  2781 

Stilling  Basin 

Width 

Length  -  Drop  Section 
Length  -  Basin 
Floor  Elevation 

Outlet  Works 


Rolled  Earth  Fill 
79.0  feet 
5,730  feet 
1,750,000  Cu.  Yds. 


Uncontrolled  notch 
650  feet 
1  on  3 

2,777  ft.,  m.s.l. 
2, 781  ft . ,  m.s .1 . 


Uncontrolled  morning  glory 
9.0  feet 
10  feet 
361  feet 

2,755  f t . ,  m.s  .1 . 

2,720.51  f  t .  ,  m.s.l. 

2, 71 2.0  ft. ,  m.s .1 . 

2,555  c.f.s. 

2,900  c.f.s. 


25  feet 
57  feet 
59  feet 

2,700  ft . ,  m.s.l. 


Gonduit  diameter 

Capacity,  Multi-purpose  pool 

Control 

Trashrack  Invert  Elevation 


Wet  well  forebay;  gate  control 
in  dry  well;  discharge  into 
spillway  conduit 

30  inches 
160  c.f.s. 

30-inch  gate  valve 
2,760  f  t . ,  m.s.l. 


AUTHORITY !  The  project  was  authorized  by  the  Flood  Control  Act  of  1962, 
H.D.  576/87/2,  for  the  purpose  of  flood  control,  municipal  water  supply, 
general  recreation  and  fish  and  wildlife  recreation.  FVill  monetary  authori¬ 
zation  for  the  project  was  provided  by  the  act  which  authorized  the  project. 
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1.3  PURPOSE  OF  RE  POUT:  This  report  has  been  prepared  in  accordance  with 
requirements  set  forth  in  Regulation  No.  1110-1-1801,  Engineering  and  Design 
Construction  Foundations  Reports,  Office,  Chief  of  Engineers  dated  14  January 
1972.  The  purpose  of  the  report  is  to  compile  a  record  of  the  foundation 
conditions  encountered  for  the  various  structures  comprising  the  Bowman-Haley 
Project.  Included  are  pertinent  data  concerning  the  site  geology,  explora¬ 
tions,  engineering  characteristics  of  overburden  and  bedrock,  excavation 
methods,  foundation  treatment,  instrumentation  and  other  related  subjects. 
Also  included  are  supplemental  drawings,  logs,  test  data  and  photographs. 
Detailed  information  concerning  materials  testing,  stability  analysis,  and 
other  foundation  design  data  relating  to  the  project  are  available  from  the 
numerous  files  of  the  Omaha  District  Office  and  are  not  repeated  in  this 
report . 

1.4  PROJECT  HISTOKT :  Initial  local  interest  in  the  project  was  expressed  at 
public  hearings  which  were  held  at  Lemmon,  South  Dakota  (April,  1945)  and 
Bowman,  North  Dakota  (August,  1956)  with  regard  to  flood  protection  and 
municipal  and  irrigation  water  supply.  State  and  local  interests  later 
excluded  irrigation  water  supply  as  a  requirement  for  the  project. 

1.4.1  Design  Memo  No.  BH-1 ,  "Hydrology"  dated  January  1963,  was  prepared  by 
Omaha  District  and  in  February,  1964,  a  revised  General  Design  Memorandum 
No.  BH-2  was  submitted  by  the  District  to  higher  authority.  Design 
Memorandum  No.  BH-2  specified  the  extent  and  location  of  major  features  of 
the  project.  Final  design  for  structures  of  the  project  is  covered  in  Design 
Memorandum  No.  BH-5,  October,  1964.  This  report  covers  the  design  of  the 
embankment,  emergency  spillway,  outlet  works  and  road/utility  relocations  and 
alterations.  All  Design  Memorandums  are  available  in  the  Omaha  District 
Office. 

1.4.2  Initial  borings  (four)  were  drilled  at  the  right  bank  spillway 
location  in  the  Fall  of  1959.  In  1963,  29  additional  borings  were  drilled 
for  the  embankment  centerline,  outlet  works,  right  bank  spillway  and  an 
alternate  spillway  location  on  the  left  bank.  Boring  locations  are  shown  on 
Plate  4. 

1.4.3  The  work  for  the  outlet  works  service  spillway  conduit  was  awarded  on 
30  June  1964;  construction  for  the  conduit  started  July  1964  and  was  com¬ 
pleted  December  1964. 

1.4.4  The  work  for  the  dam  and  appurtenant  structures  (including  the 
spillway  intake  structure  and  stilling  basin),  was  awarded  in  June  1965. 
Construction  was  originally  scheduled  for  two  construction  seasons.  The 
first  construction  period  started  in  August  1965  and  was  completed  in 
November  1965.  The  second  construction  period  began  in  April  1966  and  ended 
in  July  1967.  A  claim  which  alleged  unanticipated  rock  excavation  (for  the 
spillway)  resulted  in  the  project  extending  into  a  third  construction  period. 

1.4.5  Closure  operations  began  on  22  August,  1966  and  were  essentially 
complete  by  19  December  1966. 
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1.5  CCTfUACTOBS:  Brezina  Construction  Company  of  Rapid  City,  South  Dakota 

was  the  Contractor  for  the  entire  project. 

1.6  nr  RESIDE  HT  AMD  DESIGK  STAFF;  Mr.  D.  J.  Nessan  was  the  Resident 

Engineer  at  the  project  site.  Mr".  C.  A.  Powell  was  the  Garrison  Area 

Engineer.  Mr.  S.  L.  Price  was  Chief,  Construction  Div . ,  Onaha  District,  and 
Mr.  Charles  L.  Hipp  was  Chief,  Engineering  Division,  Onaha  District.  Don 

Knight  was  Chief,  KM,  Onaha  District.  Mr.  L.  J.  Stutz,  KM,  Onaha  District 

and  Mr.  A.  Koop,  F&M,  Onaha  District  were  Project  Engineer  and  Geologist, 

respectively. 
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CHAPTER  2.  -  FOUNDATION  EXPLORATIONS 


2.1  FOUNDATION  EXPLORATIONS: 

2.1.1  Investigation*  Prior  to  Construction  -  Including  Testing:  Precon¬ 

struction  borings  consisted  of  thirty-three  drill  holes  at  depths  between  18 
to  114  feet.  Four  initial  borings  were  drilled  for  the  right  bank  spillway 
location  in  the  fall  of  1959.  Twenty-nine  additional  holes  were  drilled  in 
1963  along  the  embankment  centerline,  in  the  outlet  works  area,  the 
alternative  spillway  location  (left  bank),  and  the  right  bank  spillway 
location.  Hole  locations  are  shown  on  Plate  4.  (Note:  Holes  on  Plate  4 
without  a  yearly  prefix  are  holes  drilled  in  1959).  Plates  5  thru  12  show 
subsurface  conditions  encountered  in  the  bore  holes. 

In  addition,  borings  for  five  piezometers  and  six  lignite  water  pressure 
tests  were  drilled  in  1963. 

Drill  holes  63-1  3,  63-1  9,  and  63-26  thru  63-28,  were  drilled  with  a  rotary 
drill  which  used  a  5-3/8"  double  tube  core  barrel  or  Dennison  barrel.  The 
remainder  of  the  borings  were  drilled  by  a  churn  drill  with  4"  or  6"  drive 
barrels.  Borings  were  drilled  at  varying  depths  into  the  Ludlow  formation. 
Disturbed  (jar)  and  moisture  samples  were  taken  from  all  borings  a:  changes- 
of-mater ial  or  5-foot  intervals.  Undisturbed  samples  were  taken  from  boles 
drilled  by  the  rotary  method.  Standard  penetration  tests  ware  not  taken. 
Characteristics  of  the  materials  will  be  discussed  under  ,I£ngi,'eer  ing 
Characteristics  of  Overburden  and  Bedrock." 

2.1.2  Investigations  During  Construction:  In  1966,  10  additional  holes  wre 
drilled  in  the  emergency  spillway  as  general  investigation  holes  along  the 
centerline  and  for  exploration  to  determine  location  of  the  spillway  scour 
cutoff.  Hole  locations  are  indicated  on  plate  4.  Strip  logs  of  the  spillway 
holes  are  shown  on  plates  7  and  10. 
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CHAPTER  3.  -  GEOLOGY 


3.1  REGIOHAL  GEOLOGY ;  The  Bowman-Haley  Project  lies  within  the  unglaciated 

Missouri  Plateau  section  of  the  Great  Plains  Physiographic  Province.  The 
history  of  this  Province  has  been  of  long  erosion  which  has  resulted  in 

residual  buttes  and  mesas  that  rise  400-600  feet  above  the  lower  erosion 

surface.  Rocks  in  the  general  project  area  are  Paleocene  continental 

deposits  of  the  Ludlow  formation.  The  Tongue  River  formation  overlies  the 

Ludlow  at  higher  elevations  on  buttes  and  mesas.  The  overall  regional  dip  is 
toward  the  north  into  the  Williston  basin  at  10  to  20  feet  per  mile.  The 
project  is  northeast  of  the  Black  Hills  uplift  area  and  directly  east  of  the 
Cedar  Creek  Anticline. 

3.2  SITE  GEOLOGY;  PI  ate  3  shows  the  geology  at  the  site.  Surface  geology 

consists  of  the  Ludlow  formation  which  is  thinly  covered  by  residual  soil. 

The  Ludlow  is  approximately  184  feet  thick  and,  at  the  site,  extends  from 
elevation  2836  to  elevation  2656. 

3.2.1  Physiography:  The  Project  site  consists  of  a  rolling  prairie  with  a 

dendritic  drainage  system  which  has  developed  on  the  unconsolidated 
sediments.  The  North  Fork  of  the  Grand  River,  Spring  Creek,  and  their 

tributaries,  commonly  have  incised  meanders.  Flood  plains  of  streams  are 
bordered  by  low  terraces  and  cutoff  meanders. 

3.2.2  Description  of  Overburden:  Overburden  consists  of  thin  (0-5  feet 

thick)  residual  soils  which  have  developed  on  the  Ludlow  formation  and 

alluvial  valley  deposits  and  consist  mainly  of  fine  sands  and  silty  sands, 
along  with  minor  amounts  of  lean  clay  that  is  underlain  by  gravelly  sand, 
clayey  gravel,  and  sandy  gravel.  A  gravel  terrace  deposit  (1-3  feet  in 

thickness)  was  located  beneath  the  left  bank  embankment.  The  gravel  was 
rsnoved  by  stripping  operations. 

3.2.3  Bedrock  Stratigraphy:  The  Ludlow  formation  is  composed  of 

interbedded,  lenticular  mixtures  of  poorly  indurated  shales  (classified  as 
lean  clays,  sandy  clays,  fat  clays),  sandstones  (classified  as  clayey  sands, 
silty  sands,  calcareous  sands),  indurated  sandstones  (soft  to  hard)  and 
lignites.  Five  lignites,  designated  as  "A",  "B",  "C" ,  "D" ,  and  "E"  are 

present.  The  lignites  serve  as  marker  beds  for  correlation  and  as  reference 
datum.  The  lignites  and  other  bedrock  units  at  the  project  are  shown  by 
profiles  on  plates  5  thru  12.  The  material  above  lignite  "C"  on  the  left 
bank  is  mainly  stiff  to  very  stiff  sandy  clay  and  dense  clayey  sands 
interbedded  by  dense,  silty  sands.  Lignite  "<?'  is  30  to  40  feet  lower  in  the 
left  bank  area  than  the  right  bank.  Material  above  lignite  "C"  on  the  right 
bank  area  consists  of  dense,  clayey  sand  and  stiff  sandy  clay.  The  material 
between  lignites  "C"  and  "A"  is  approximately  36  to  41  feet  in  thickness  and 
consists  of  stiff  to  very  stiff  lean  clays,  sandy  clays,  and  fat  clays. 
Besides  the  lignites,  the  most  distinct  lithologic  imit  at  the  site  is  a 
green-gray  dense  clayey  sand  horizon  which  is  between  the  "A"  and  "B" 
horizons.  A  thin  (1  to  2  feet  in  thickness)  discontinuous  sandstone  occurs 
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midway  between  the  "A"  and  "B"  lignites  and,  during  the  exploration  phase  of 
the  project,  served  as  an  additional  marker  horizon. 

3.2.4  Bedrock  Structure,  Jointing,  Discontinuities:  No  evidence  of  faulting 
has  been  found  in  the  immediate  project  area  nor  are  there  any  discontinui¬ 
ties.  Overall  bedrock  structure  is  best  illustrated  by  the  lignites  which 
undulate  gently  over  the  project  area  but,  locally,  can  be  relatively  level. 
No  distinct  bedding  is  apparent  in  the  Ludlow  nor  are  any  joint  patterns 
apparent  in  bedrock. 

3.2.5  Bedrock  Weathering:  At  the  site,  the  Ludlow  formation  is  weathered 

into  colluvial  and  alluvial  deposits  consisting  of  varied  mixtures  of  clays, 
sands  and  silts.  Weathered  bedrock  is  5  feet  or  less  in  thickness  on  the 
abutment  slopes  and  merges  with  alluvial  deposits  in  the  valley. 

3.2.6  Leaching  and/or  Solution  Activity:  Neither  solution  nor  leaching 

activity  of  the  bedrock  or  overburden  has  been  a  problem  at  the  project. 

3.2.7  Ground  Water:  Ground  water  levels  were  taken  in  17  of  the  24  explora¬ 

tory  borings.  Ground  water  levels,  as  encountered  in  the  drill  holes,  are 
shown  on  plates  5  thru  12.  Ground  water  was  encountered  in  pervious  flood- 
plain  deposits  at  approximately  5  to  10  feet  above  bedrock.  Overall,  the 

borings  in  the  Ludlow  formation  indicated  ground  water  levels  at  one  or  more 
horizons,  but  there  did  not  appear  to  be  any  extensive  lateral  continuity  of 
wet  or  saturated  zones.  This  is  very  probably  due  to  lateral  changes  in 
lithology  within  the  Ludlow.  Water  was  encountered  in  amounts  which  varied 
from  moist  to  saturated  in  all  lignites,  but  no  single  lignite  was  found  to 
be  water-bearing  over  an  extensive  area.  The  "A"  lignite  layer  was  water 
pressure  tested  but  it  did  not  appear  that  the  lignite  was  sufficiently 
jointed  or  fractured  to  transmit  any  appreciable  amount  of  water. 

Water  levels  across  the  valley  section  were  found  to  be  uniform  and  ranged  in 
elevation  from  2713  to  2718  MSL.  Water  levels  in  the  right  abutment  area 
reflect  the  topographic  rise  as  ground  water  elevations  rose  from  2722.5  MSL 
near  the  valley  floor  to  2777.5  in  the  spillway  area.  The  ground  water  level 
in  the  left  abutment  area  also  reflectd  a  topographic  rise  to  the  abutment. 
Top-of-ground  water  was  found  to  be  at  elevation  2735  MSL  for  the  left 
abutment  area. 

3.3  KWGIMEEKIMG  CHABACTEBISTICS  OF  OVEBBPBPBB  MATERIALS: 

3.3.1  Overburden  Materials  Classified  As:  Lean  and  sandy  clay  (CL);  clayey 

sand  (SC);  silty  sand  (SM);  and  clayey  and  sandy  silts  (ML).  Atterberg 
limits  are  given  in  Table  1,  below. 


■* 

4 


3-2 


TABLE  1 

ATTEEBEBG  LIMITS  -  OVEKBUEDH  MATERIALS 


ATTEBBEIG 

PRKDCHIHAHT 

SOURCE 

LIMITS— BAKE 

VALUE 

Left  Abutment  Area 

LL 

26-96 

33-52 

(CL, 

ML) 

(includes  Borrow  Area) 

PI 

0-74 

4-24 

Left  Valley  Area 

LL 

25-94 

34-47 

(CL) 

PI 

2-70 

14-28 

Right  Valley  Area 

LL 

25-73 

28-41 

(CL, 

ML) 

PI 

1-43 

7-2  2 

Right  Abutment  Area- 

LL 

28-70 

39-57 

(CL, 

ML) 

Embankment 

PI 

4-45 

19-35 

Right  Abutment  Area- 

LL 

21-74 

29-41 

(CL, 

ML) 

Spil lway 

PI 

0-39 

4-20 

3.3.2  Five  series  of  direct 

shear 

tests  were 

performed  on 

remolded 

embankment  and  undisturbed 

foundation 

material . 

Remolded 

specimens  were 

compacted  to  95  percent  of  maximum  density  with  water  contents  2  percent 
above  optimum.  Aiopted  shear  strength  values  for  overburden  and  embankment 
materials  are  given  below  in  Table  2.  (Coh.  is  in  T/sq.  ft.).  Results  of 
direct  shear  tests  are  given  on  Plates  13  thru  15. 


TABLE  2 

SHEAR  STRKBCTH  VALDES 


Material 


Onconsol  id  a  ted 
Dud rained 
(Q)  Strength 
Tan  t  Coh. 


Consolidated 
Distrained 
(E)  Strength 
Tan  >  Coh. 


Consolidated 
Drained 
(S)  Strength 
Tan  0  Coh. 


Embankment 

0.02 

0.88 

0.23 

0.35 

0.50 

0 

Overburden  (Lean 
and  Fat  Clay) 

0.32 

0.60 

0.  20* 

0. 10* 

0.45 

0 

Clayey  Sand  Between 

"A"  and  "B"  Lignite 

0.49 

1.30 

0.47 

2.06 

0.65 

0 

*The  alluvial  clay  overburden's  low  R  strength  indicated  low  safety  factors 
for  stability.  As  construction  progressed,  overburden  was  removed  as 
indicated  in  contract  plans  or  as  determined  in  the  field. 

3.3.3  Triaxial  compression  tests  were  performed  on  remolded  embankment 
material  and  undisturbed  samples  of  foundation  material. 


r 
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3. 3. 3.1  Two  series  of  "Q"  tests  were  performed  on  sandy  clay  embankment 

material  remolded  to  95%  of  maximan  density  and  at  optimum,  and  2%  above 
optimum,  moisture  contents.  Shear  strengths  were:  coh.  ■  1.12  T/sq.  ft., 

and  tan  0  ■  0.05;  coh.  =  0.88  T/sq.  ft.,  and  tan  0  =  0.02. 

3.3. 3. 2  One  series  of  "R"  tests  on  material  remolded  to  95%  of  maximum 

density  at  2%  above  optimun  moisture  indicated  a  shear  strength  coh.  =  0.35 
T/sq.  ft.  and  tan  0  =  0.23. 

3.4  KMGIHKKRIMG  CHARACTERISTICS  OF  BEDROCK: 


3.4.1  The  Ludlow  formation  consists  of  interbedded  lenses  of  lean-clays, 
sandy  clays,  fat  clays,  clayey  sands  and  silty  sands  and  soft-to-hard  thin 
bedded  calcareous  sandstones,  soft  shales,  lignites  and  carbonaceous,  silty 
clays.  Sands  in  the  Ludlow  formation  are  generally  fine  grained. 


3.4.2  A 

series  of  direct  shear 

tests  were  performed  on  undisturbed 

foundation  material.  Adopted  shear 

strength  values 

that  were  used 

for 

stability 

computations  are  given  below 

in  Table  3. 

TABLE  3 

Ooconaol ida ted 

Consolidated 

Consolidated 

Otadrained 

Otadrained 

Drained 

Material 

(Q)  Strength 

(S)  Strength 

(S)  Strength 

Tan  9  Coh. 

Tan  9  Coh. 

Tan  9  Coh . 

Lean  and 

Fat  Clay 

(Lud  low) 

0.40  1.30 

0.38  1.80 

0  0 

Clayey  Sand  Between 

"A"  and  " 

B"  Lignites 

(Lud low) 

0.49  1.30 

0.47  2.00 

0.65  0 

Resulting 

strengths  from  four  series 

of  "Q"  tests  and 

four  series  of 

MrH 

tests  on 

bedrock  material  were: 

Type 

Cohesion 

Teat 

Material 

T/sq.  ft. 

Tan  9 

"q" 

Clayey  Sand  (Ludlow) 

1.3 

0.49 

"Q" 

Lean  Clay  (Ludlow) 

0.7 

0.56 

"Q" 

Lean  Clay  (Ludlow) 

2.9 

0.39 

"R" 

Fat  Clay  (Ludlow) 

1.8 

0.38 

The  result  of  tests  on  the  Ludlow  formation  are  shown  on  Plates  13  and  14. 


3.4.3  Direct  shear  tests  on  clayey  sands  of  the  Ludlow  formation  show  no 
cohesion  and  have  a  high  friction  angle  (Tan  0  ■  0.85).  Fat  clays  have  some 
cohesion  (0.15  TSF)  and  a  lower  friction  angle  (Tan  0  “  0.45)  than  the  sands. 
Consolidated,  drained,  design  strengths  were  taken  from  these  tests. 
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3.4. 3.1  For  the  unconfined  compression  tests,  the  Ludlow  sands  have  an 

average  unconfined  strength  of  1.56  TSF.  The  test  results  are  very 

consistant  for  the  sands.  Ludlow  sands  all  failed  at  approximately  2%  axial 

strain . 

3.4. 3. 2  Two  types  of  lean  clay  were  tested  for  the  "Q"  triaxial  tests. 

Tangents  of  0  were  0.56  and  0.39  for  the  samples  and  C  equaled  0.7  TSF  and 

2.9  TSF  respectively.  Foundation  design  values  were  a  compromise  between  the 
two  clay  test  values.  "Q“  tests  on  the  Ludlow  clayey  sand  gave  a  tan  0  « 
0.49  and  C  *  1.3  TSF.  These  values  were  used  for  foundation  designs. 

3. 4.3. 3  "R"  test  results  from  Plate  14  indicate  chat  one  set  was 

unsuccessful  on  Ludlow  clays.  The  other  set  gave  peak  strength  at  values  of. 
Tan  0  =  0.38.  Samples  in  the  second  sec  all  failed  at  4  to  5%  axial  strains. 
Ultimate  strengths  were:  For  the  clay.  Tan  0  =  0.38;  for  the  sand,  Tan  0  = 
0.47  and  C  ■*  2.0  TSF.  The  ultimate  strength  values  were  used  for  design. 

3.5  UMUSUAL  OR  PEAHT1CIPATED  GEOLOGIC  COHDITIOBS  KMCOOHTKREP  DURIWC 
COgSTKUCTIOff : 

3.5.1  In  June  1967,  the  Contractor,  Brezina  Construction  Company,  filed  a 
changed  conditions  claim  related  to  rock  quantities,  bedding,  and  lithology 
encountered  during  excavation  of  the  spillway. 

3. 5. 1.1  While  excavating  the  spillway,  the  Contractor  claimed  that  he 
encountered  extensive  areas  of  unanticipated  limestone  boulders  which 
extended  to  depths  of  10-12  feet  -  "like  eggs  in  a  nest."  The  total  claim 
was  for  $700,000.  The  Government's  position  was  that  contract  drawings 
accurately  portrayed  subsurface  conditions.  The  Contractor  agreed  that  he 
expected  to  encounter  rock;  however,  he  could  not  anticipate  the 
"massiveness"  or  position  of  the  rock. 

3.5.1  ,2  The  Government  allowed  the  Contractor  to  utilize  the  rock  boulders 
encountered  in  the  spillway  for  rip-rap.  The  Contractor  claimed  that 
excavation  of  the  spillway  rock  for  rip-rap  stockpiling  caused  him  delays  in 
embankment  closure  and  excavation  of  the  outlet  works.  To  this  contention, 
the  Governnent  maintained  that  it  was  the  locations  at  idiich  the  Contractor 
chose  to  stockpile  the  spillway  rock  which  caused  construction  delays-rock 
was  stockpiled  in  such  a  manner  that  it  interfered  with  the  movement  of 
equipment  and  improper  equipment  was  used  for  excavation. 

3. 5. 1.3  In  August  1967,  the  District  Engineer  determined  that  the  Contractor 
had  encountered  a  changed  condition,  and  had  a  claim. 

3. 5.1. 4  Original  exploration  for  the  spillway  consisted  of  four  drill  holes 
(DH-1  -  DH-4)  drilled  in  1959  and  two  drilled  in  1963  (DH63-16  and  63-9). 
Hole  locations  are  shown  on  Plate  4,  and  subsurface  conditions  encountered  by 
the  bore  holes  are  shown  on  Plates  5,  6,  8  and  10.  The  claim  was  not  related 
to  the  extent  of  sufficiency  of  exploration,  but  to  "rock"  as  interpreted  by 
the  Contractor  from  the  drill  hole  logs. 
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3.5.2  A  unique  foundation  condition  for  the  Bowman-Haley  Project  exists  in 
the  form  of  lignites  which  underlay  the  reservoir  and  embankment.  Bore  hole 
profiles  which  indicate  lignite  horizons  are  shown  on  Plates  5  thru  12. 

3. 5. 2.1  Seepage  under  the  embankment  has  occurred  along  Lignite  "A". 
Seepage  surfaces  along  the  sides  of  the  stilling  basin  and  is  directly 
related  to  reservoir  levels.  No  structures  have  been  danaged  by  the  seepage 

nor  is  it  presently  considered  a  serious  problem  for  the  project  structures. 

Seepage  along  Lignite  "A"  will  be  further  discussed  later  in  this  report 

under  "Foundation  Instrumentation,"  "Possible  Future  Problems,"  and 
Chapter  U .  The  relationship  of  Lignite  "A"  to  the  embankment  is  shown  on 

plates  25,  26  and  27. 
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CHAPTER  4.  -  SPECIAL  DESKS  C  OHS  IDE  RAT  10  RS 

4.1  EHHAHPgHT  FOUHDATIOH  CUTOFF  TREHCH: 

4.1.1  Approximately  an  80  foot  (width)  of  low  "R"  shear  strength  alluviun 

clay  was  removed  from  the  foundation  from  Station  37+00  to  Station  42+50  for 
foundation  stability.  Underseepage  control  is  provided  in  the  valley  section 
by  a  cutoff  trench  from  Station  29+00  to  Station  59+00.  This  portion  of  the 
trench  is  through  alluvial  sands  and  gravels  and  extends  to  the  clayey  sand 
horizon  which  underlies  the  "A"  lignite  (Plates  5,  6,  and  9).  The  clayey 
sand  is  considered  impervious  with  332  to  442  of  the  material  passing  the 

#200  sieve  and  horizontal  and  vertical  coefficients  of  permeability  of  5.5  x 
10-7  and  5.8  x  10-7  cm/sec.  respectively.  The  trench  has  a  25  foot  bottom 
width  in  the  valley  section,  1:1  side  slopes  (Plate  19),  and  narrows  to  5 '-8' 

widths  on  abutment  slopes.  Trench  backfill  is  impervious  material  that 

consists  of  lean  clays,  clayey  silts,  sandy  clays  or  silts. 

The  bottom  of  flat  or  gently  sloping  portions  of  the  excavated  trench  was 

scarified  to  a  depth  of  six  inches  and  one  initial  lift  of  impervious 
material  was  compacted  on  the  trench  bottom  with  sheeps  foot  tamping  rollers 
and  power  and  hand  tampers.  The  impervious  fill  was  then  brought  up  in  4"-6" 
1 ifts. 

4.1.2  A  shallower  (5  to  15  feet  in  depth)  portion  of  the  cutoff  trench 

extends  from  Station  59+00  to  Station  70+00.  This  portion  of  the  trench 
extends  through  more  gravelly  and  sandy  material  above  the  "C"  and  "E" 
lignites,  but  does  not  penetrate  any  of  the  lignites. 

4.1.3  From  Station  29+00  to  Station  25+80,  the  trench  extends  upslope  at  a 

depth  of  five  feet.  The  trench  intercepts  the  "C?’  lignite  at  Station  27+50. 
From  Station  25+80  to  Station  27+50,  the  trench  bottoms  in  silty  sands  and 
sandy  clays.  From  Station  27+50  to  Station  29+00,  the  trench  generally 

bottoms  in  lean  and  fat  clays. 

4.1. 3.1  For  the  portion  of  the  trench  between  Station  29+00  and  Station 
25+80,  loose  material  was  removed  from  the  existing  slope  and  the  trench 

excavated  in  notches  up  and  down  slope.  Fill  was  placed  and  rolled  to  bind 
with  natural  material. 

A  considerable  amount  of  borrow  used  for  the  impervious  fill  was  very  dry  and 
required  watering,  discing,  and  blading  with  the  result  that  lifts  were 
restricted  to  4"-6"  in  thickness  to  allow  adequate  mixing  by  discs  and 

bl ades . 

4.1.4  Laboratory  and  field  compaction  tests  for  the  cutoff  trench  impervious 
fill  are  given  below  on  Table  4. 


4-1 


mw t  ctrrarr  met 

SOMA 0  or  COMPACTION  TUT  RESULTS 


LAB  RATA 

PIELB  RATA 

t*TR 

ntTRV 

TEST 

1 

a 

S 

M 

I 

a 

lift  m 
ROLLER 

w>.  tv 

PASSES 

TT  PI  OF 

nnv 

It  ST 

■AX. 

■Bin 

OPT.  ■ 

■WITT 

X  ■ 

x  on*. 

O-AM 

•vt 

9,  1945 

48 

38*2  5 

Center l in# 

2714 

Sheeps  Poot 

6 

Balloon 

103.4 

20.5 

98.5 

22.2 

95.5 

Ort 

13,  1965 

57 

36*00 

Centerline 

2709 

Sheeps  Poot 

6 

Balloon 

103.4 

20.5 

100.6 

22.6 

97.3 

CL,  Sdy,  Si 

Oct 

13,  1965 

59 

34*75 

Centerl ine 

2712 

Sheeps  Foot 

- 

Balloon 

103.4 

20.5 

92.0 

24.3 

94.8 

CL,  Sdy,  Si 

Oct 

14,  1965 

62 

34*2  5 

Centerline 

2718 

Sheeps  Foot 

6* 

Balloon 

103.4 

20.5 

102.3 

23.  3 

98.9 

Oct 

14,  1965 

63 

32*75 

Centerline 

2720 

Sheeps  Foot 

6* 

Balloon 

103.4 

20.5 

102.3 

23.0 

98.9 

Cl,  Sdy,  Si 

Oct 

14,  1965 

64 

40*2  5 

8'  Rt .  Center 

2708 

Sheeps  Foot 

6 

Sand 

103.4 

20.5 

98.0 

22.9 

94.8 

CL,  Sdy,  Si 

Oct 

14,  1965 

65 

41*50 

Center  Line 

2707 

Sheeps  Foot 

6 

Sand 

103.4 

20.5 

102.1 

20.9 

98.7 

Oct 

14,  1965 

66 

39*00 

5'  Lt  Center 

2714 

Sheeps  Foot 

6 

Sand 

103.4 

20.5 

98.1 

20.7 

94.9 

Oct 

15,  1965 

67 

40*00 

Center  Line 

2713 

Sheeps  Foot 

6 

Balloon 

103.4 

20.5 

99.6 

18.5 

96.3 

CL,  Sdy,  Si 

Oct 

15,  1965 

68 

38*10 

Centerl ine 

2716 

Sheeps  Foot 

6* 

Bal loon 

103.4 

20.5 

103.  1 

18.3 

99.  7 

Oct 

15,  1965 

69 

52*50 

6*  Rt.  Center 

2712 

Sheeps  Foot 

6 

Sand 

103.7 

12.5 

103.4 

18.5 

99.7 

Oct 

15,  1965 

70 

56*00 

8'  Lt .  Center 

2  716 

Sheeps  Poot 

6 

Sand 

103.7 

12.5 

101 .0 

19.0 

97. 3 

Oct 

16,  1965 

71 

37*10 

15'  Lt.  Center 

2719 

8heeps  Foot 

6* 

Sand 

103.4 

20.5 

103.3 

16.5 

99.9 

Oct 

16,  1965 

72 

56*60 

5'  Lt.  Center 

2710 

Sheeps  Foot 

6 

Sand 

104.4 

19.8 

104.1 

20.9 

99.7 

Oct 

16,  1965 

74 

31*40 

12'  Rt.  Center 

2721 

Sheeps  Foot 

6 

Sand 

104.4 

19.8 

99.2 

20.8 

95.9 

Oct 

17,  1965 

75 

49*50 

3'  Rt.  Center 

2712 

Sheeps  Foot 

6* 

Sand 

103.7 

12.5 

107.6 

18.3 

103.8 

*vr 

17,  1965 

76 

56*50 

10'  Lt.  Center 

2  720 

Sheeps  Foot 

6* 

Balloon 

103.7 

12.5 

107.2 

18.1 

103.5 

Oct 

17,  1965 

77 

4  7*80 

Centerline 

2708 

Sheeps  Foot 

6 

Sand 

103.7 

12.5 

104. 2 

20.0 

100.5 

Oct 

18,  1965 

80 

30*50 

Centerl ine 

2727 

Sheeps  Foot 

6 

Bal loon 

103.7 

12.5 

104.1 

12.4 

93.9 

Oct 

18,  1965 

81 

54*00 

Centerline 

2713 

Sheeps  Foot 

6* 

Bal loon 

103.7 

12.5 

104.7 

18.9 

1  01 .0 

Oct 

18,  1965 

84 

29*50 

15'  Lt.  Center 

2731 

Sheeps  Foot 

6 

Balloon 

103.4 

20.5 

102.2 

16.9 

98.8 

Oct 

18,  1965 

85 

31*20 

15*  Lt .  Center 

2728 

Sheeps  Foot 

6 

Sand 

103.4 

20.5 

100.7 

17.8 

97.4 

18.  1965 

86 

35*00 

10*  Lt.  Center 

2727 

Sheeps  Foot 

6 

Sand 

103.4 

20.5 

105.9 

18.1 

102.4 

Oct 

18,  1965 

87 

33*10 

20*  Rt.  Center 

2729 

Sheeps  Poot 

6 

Bal  loon 

103.4 

20.5 

101.2 

18.3 

97.9 

Oct 

19,  1965 

88 

30*00 

20’  Rt.  Center 

2734 

Sheeps  Foot 

6 

Balloon 

103.4 

20.5 

100.8 

19.9 

97.5 

Oct 

20,  1965 

95 

29*40 

10*  Rt.  Center 

2740 

Sheeps  Foot 

6 

Bal  loon 

110.9 

16.6 

105.3 

13.9 

95.0 

Ort 

70,  1965 

96 

46*00 

Center! ine 

2717 

Sheeps  Foot 

6 

Balloon 

106.9 

19.6 

96.4 

23.8 

90.2 

CL 

Oct 

20,  1965 

97 

32*50 

35*  Rt .  Center 

2725 

Sheeps  Foot 

6 

Ball oon 

103.4 

20.5 

101.3 

15.9 

98.0 

CL,  Sdy,  Si 
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TAB  14  4  (Cont'd) 


ewt  curorr  mm 
or  cmrscntm  test  kisolts 


_ _ _ _ U»  DATA _ FIELD  Bttt _ 

TfS“of  ” 

he  test  rrm  <*  m.  or  mmm  max.  ns 

TESTED _ BOWSE  StATIOB  Mg _ EiEfATIOB  BOUSE _ fASEEt  TEST  BEES  ITT  OTT,  M  DEESITT  I  M  »  COW.  CUSS 


Oct 

20, 

1965 

98 

47*90 

10' 

Rt. 

Center 

2715 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

(V  r 

20, 

1965 

99 

34+1  0 

10' 

Lt. 

Center 

2718 

Sheeps 

Foot 

6 

Balloon 

103.4 

20.5 

Oct 

20, 

1965 

100 

31*20 

35* 

Rt. 

Center 

2735 

Sheeps 

Foot 

6 

Balloon 

103.4 

20.5 

Oct 

21, 

1965 

102 

50*00 

10' 

Lt . 

Center 

2719 

Sheeps 

Foot 

6 

Proctor 

103.4 

20.5 

Oct 

21. 

1965 

103 

42*45 

15' 

Rt. 

Center 

271  3 

Sheeps 

Foot 

6 

Balloon 

103.4 

20.5 

Oct 

21, 

1965 

104 

36*7  5 

80’ 

Rt. 

Center 

2727 

Sheeps 

Foot 

6 

Bat  loon 

103.4 

20.5 

Oct 

21  , 

1965 

105 

47*85 

20* 

Rt. 

Center 

2719 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

Ort 

22, 

1965 

108 

55*83 

10' 

Lt . 

Center 

2721 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

Oct 

23, 

1965 

112 

38*25 

25' 

Lt. 

Center 

2728 

Sheeps 

Foot 

6* 

Balloon 

106.9 

19.6 

Or  r 

23, 

1965 

114 

41*00 

Cen terl (ne 

2716 

Sheeps 

Foot 

6 

Ba  1 1 oon 

110.9 

16.6 

Oct 

23, 

1965 

115 

39*00 

170 

'  Rt 

.  Center 

2728 

Shee  ps 

Foot 

6 

Balloon 

103.4 

20.5 

Oct 

26, 

1965 

119 

42*50 

20' 

Rt. 

Center 

2716 

Sheeps 

Foot 

6* 

Balloon 

103.4 

20.5 

Oct 

26. 

1965 

121 

51*60 

15' 

LC. 

Center 

2734 

Sheeps 

Foot 

6 

Bel  loon 

106.9 

19.6 

<>t 

26, 

1965 

122 

41*90 

5’ 

RC. 

Center 

2723 

Sheeps 

Foot 

6* 

Bal toon 

103.4 

20.5 

Ort 

26, 

1965 

123 

58*80 

4' 

Rt. 

Center 

2720 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

Oct 

27 , 

1965 

126 

58*2  5 

15* 

Rt. 

Center 

2728 

Sheeps 

Foot 

6 

Bal  loon 

106.9 

19.6 

Oct 

28, 

1965 

128 

42*40 

15' 

Lt. 

Center 

2728 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

1 

29, 

1965 

131 

58*00 

30' 

Lt. 

Center 

2735 

Sheeps 

Foot 

6* 

Bal loon 

103.4 

20.5 

Oct 

29, 

1965 

1  3  34 

58*90 

25' 

Lt. 

Center 

2740 

Sheeps 

Foot 

6* 

Balloon 

106.9 

19.6 

Oct 

29, 

1965 

1  34A 

56*85 

20' 

Rt. 

Center 

2735 

Sheeps 

Foot 

6* 

Balloon 

106.9 

19.6 

Oc* 

30, 

1965 

136 

50*00 

10' 

Lt. 

Center 

2722 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

Nov 

1  , 

1965 

1  37 

53*75 

25* 

Lt. 

Center 

2727 

Sheeps 

Foot 

6* 

Bal loon 

106.9 

19.6 

Nny 

2, 

1965 

139 

53*00 

30* 

Lt. 

Center 

2727 

Sheeps 

Foot 

6 

Balloon 

106.9 

19.6 

N  *v 

2, 

1965 

140 

36*50 

35' 

Lt. 

Center 

2732 

Sheeps 

Foot 

6* 

Bal loon 

103.4 

20.5 

Nt>V 

2, 

1965 

141 

48*95 

15' 

Lt. 

Center 

2725 

Sheeps 

Foot 

6* 

Balloon 

103.4 

20.5 

Nov 

3, 

1965 

147 

49*70 

30' 

Lt . 

Center 

2726 

Sheeps 

Foot 

6* 

Balloon 

106.9 

19.6 

N»jV 

3, 

1965 

149 

36*30 

20’ 

Rt. 

Center 

2732 

Sheeps 

Foot 

6 

Balloon 

113.1 

15.6 

96.6 

105.5 

104.1 

100.0 

99.0 
107.  2 

99.3 

110. 1 
111.0 

108.8 

103.3 

102.7 

101.8 
101 .0 
102.9 

88.8 

100.6 

94.0 

101.8 

100.5 

100.6 

98.3 
99.1 

109.7 
105.2 
104.0 
104.  B 


23.2 

17.7 

14.8 

25.4 

12.8 

14.5 

23.6 

16.7 

12.7 
I  5.4 

12.3 

19.3 
22.0 

15.6 

22.9 

25.9 

16.7 

24.7 
21.0 

23.7 
21.0 

22.7 

25.3 
15.5 

14.9 

19.3 

17.3 


90.4 

CL 

102.0 

CL,  Sdy,  Si 

100.7 

CL,  Sdy,  Si 

93.5 

CL,  Sdy,  Si 

95.7 

CL,  Sdy,  Si 

103.7 

CL,  Sdy,  Si 

92.9 

CL,  Sdy,  Si 

103.0 

CL 

107.4 

CL,  Sdy,  Si 

98.1 

SM 

99.9 

CL,  Sdy,  Si 

99.3 

CL,  Sdy,  Si 

95.2 

CL 

97.7 

CL,  Sdy,  Si 

96.3 

CL 

83.3 

CL 

94.1 

CL 

90.1 

CL,  Sdy,  Si 

95.2 

CL 

94.0 

CL 

94.1 

CL 

92.0 

CL 

92.7 

CL 

106.1 

CL,  Sdy,  Si 

101.7 

CL,  Sdy,  Si 

97.3 

CL 

92.5 

CL,  Sdy 

TABU  4  (Cont'd) 


smab  at  compactum  tist  nmn 


_ LAB  14TB _ Fit  LB  BATA 

TTF*  OF 


BA  IB 
1BSTBD 

HIT 

STAT10B 

■AM 

■LBVATIOB 

TTfl  or 
B0LLBB 

■o.  or 

FASRI 

urn 

IB  ft 

■AX. 

KB8ITT 

orr.  ■ 

■WITT 

Z  H 

z  car. 

CLASS 

Ni>V 

4, 

1965 

150 

46*75 

35'  Lt. 

Center 

2728 

Sheep*  Foot 

6 

Balloon 

113.1 

15.6 

104.4 

18.5 

92.3 

CL, 

sdT 

Nov 

9, 

1965 

165 

54*50 

30'  Rt. 

Center 

2734 

Sheep*  Foot 

6* 

Bel  loon 

106.9 

19.6 

105.8 

21.5 

99.0 

CL 

Nov 

9, 

1965 

167 

54*00 

10"  Rt. 

Center 

2730 

Sheep*  foot 

6* 

Balloon 

102.7 

17.5 

108.0 

16.2 

105.2 

ML, 

sdr 

N-.v 

10, 

1965 

170 

51*75 

Centerl ine 

2729 

Sheep*  Foot 

3 

Balloon 

102.7 

17.5 

96.0 

14.0 

93.2 

ML, 

Mjr 

t:.»v 

10, 

W65 

171 

46*95 

35'  Rt. 

Center 

2725 

Sheep*  Foot 

6* 

Balloon 

103.4 

20.5 

102.2 

21.1 

99.0 

CL, 

Sdy ,  Si 

Nov 

1  i , 

1965 

174 

46*50 

45'  Rt. 

Center 

2729 

Sheep*  Foot 

6* 

Balloon 

103.4 

20.5 

102.7 

17.6 

99.2 

CL, 

Sdy,  Si 

Nov 

11, 

1965 

175 

48*50 

Centerl ine 

2730 

Sheep*  Foot 

6* 

Balloon 

102.7 

17.5 

116.1 

15.8 

11  3.0 

ML, 

Sdy 
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4.2  PE ABILITY  OF  LICKITES  THAT  PHPERLIE  THE  KMBAHPCHT: 


4.2.1  It  was  recognized  early  in  the  project  that  lignites  represented 

potential  seepage  zones.  To  verify  whether  or  not  a  seepage  problem  along 

the  lignites  could  occur,  a  representative  lignite  (the  "A"  lignite)  was 

pressure  tested  by  water. 

4. 2. 1.1  The  "A"  lignite  was  selected  for  testing  because  it  was  considered 

to  be  representative  of  all  the  lignites  and  was  thick  enough  (approx.  3 

feet)  to  provide  a  satisfactory  test.  In  preparation  for  the  water  pressure 

tests,  a  series  of  5  piezometers  were  installed  on  the  right  abutment  -  two 

upstrean  and  two  downstream  -  from  the  proposed  enbankment  centerline  and  one 
on  the  centerline.  The  holes  were  drilled  to  the  bottom  of  Lignite  "A". 

Prior  to  setting  the  well  points,  grout  was  tremied  to  the  bottom  of  each 

hole,  forming  a  plug  to  seal  off  the  underlying  beds.  The  well  points  were 
then  installed  within  the  vertical  limits  of  Lignite  "A",  with  a  bentonite 
plug  at  the  top  of  the  lignite  to  seal  off  the  overlying  beds.  Upon 

completion  of  the  piezometer  installations,  the  water  levels  in  Lignite  "A", 

when  present,  were  measured  prior  to  running  the  pressure  tests.  Three 

separate  water  pressure  test  holes  vere  drilled,  each  to  the  bottom  of 

Lignite  "A".  I-  preparing  the  test  holes,  grout  was  tremied  to  the  bottom  to 
seal  off  the  underlying  beds.  In  testing  each  hole,  a  single  packer  assembly 

was  used  to  seal  off  the  overlying  beds.  The  lignite  bed,  isolated  from  the 

top  and  bottom,  was  then  subjected  to  a  water  pressure  gage  reading  at  the 
surface  equal  to  l  pound  of  pressure  for  each  foot  of  depth  in  the  hole. 

This  water  pressure,  plus  the  weight  of  the  column  of  water  in  the  drill 

pipe,  was  the  maximum  applied  to  the  lignite  unit.  During  the  test  period, 
records  were  kept  of  the  applied  pressure  and  the  water  take  per  unit  of 

time,  and  also  water  levels  in  the  piezometers,  if  present,  were  recorded  at 
regular  intervals.  Prior  to  running  the  series  of  tests  on  the  right  bank,  a 
similar  testing  program  was  proposed  for  the  left  abutment,  but  in  light  of 
the  negligible  water  take  in  Lignite  "A"  on  the  right  bank,  the  left  bank 

testing  program  was  modified.  Piezometers  were  not  installed  on  the  left 

bank;  however,  3  drill  holes  were  pressure  tested.  The  tests  on  Lignite  "A" 
confirmed  the  results  obtained  from  the  right  bank  in  that  Lignite  "A"  did 
not  take  appreciable  mounts  of  water.  From  the  results  of  the  tests  it 
appeared  that  Lignite  "A",  at  the  six  locations,  was  not  jointed  or  fractured 
sufficiently  to  pass  any  appreciable  mount  of  water. 

4. 2. 1.2  Water  pressure  tests  were  performed  on  the  "A"  lignite  vein  in  each 
abutment  to  determine  the  degree  of  cracking,  apparent  permeability,  and 
possible  need  for  grouting.  The  thickness  of  Che  "A"  lignite  as  determined 
from  the  six  pressure  test  holes  varied  from  2.5  to  2.8  feet.  The  lignite 
beds  were  the  only  layers  in  the  abutments  with  a  water  bearing  potential  as 
the  remaining  foundation  material  below  the  elevation  of  the  conservation 
pool  was  indicated  to  be  impervious.  Pressure  test  hole  T-4  was  the  only 
hole  that  showed  even  a  nominal  water  take  1.28  -  gpm  with  a  gage  pressure  at 
the  ground  surface  of  24  psi.  This  pressure,  plus  the  column  of  water  in  the 
hole,  would  result  in  a  water  head  at  the  elevation  of  the  lignite  layer  of 
80  feet.  The  other  five  holes  had  an  average  we  ter  take  of  0.25  gpm  under  an 
average  gage  pressure  of  35  psi,  equal  to  a  water  head  of  over  100  feet.  The 
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piezometers  installed  in  the  "A"  lignite  did  not  show  any  change  in  water 
level  during  the  water  pressure  tests.  The  tests  indicated  that  even  under  a 
head  of  water  twice  as  high  as  would  result  with  the  pool  at  conservation 
level,  the  lignite  would  not  pass  an  appreciable  anount  of  water,  and  that 
grouting  of  the  lignite  was  not  required.  The  results  were  consistent  with 
experience  elsewhere  with  thin  lignites  of  the  Fort  Union  group  -  such  as  the 
2-foot-thick  abutment  lignites  at  Garrison  Dam  where  very  few  holes  would 
accept  grout.  Table  5  below  sunraarizes  Pressure  Test  results.  Test  hole  and 
piezometer  locations  are  shown  on  Plate  4. 

TABU  5 

turn  pussobx  test  kesults 

BOHMAB-BALET  DAM 
September  1963 


(a)  "A"  Lignite 

Test,  Hole  T-l 

• 

Cage  Pressure 

Time 

Take  (Total) 

Take  (gpm) 

10  psi 

35  psi 

40  psi 

45  psi 

50  psi 

30  min. 

30  min. 

30  min. 

30  min. 

3.4  gal. 

2.9  gal. 

5.6  gal. 

7.5  gal. 

0.  1 1  gpm 
0.10  gpm 

0.  19  gpm 
0.25  gpm 

Piezometer  reactions:  Test  Hole  T-l . 

P-1,  500'  upstream,  1  foot  rise 

P-4,  150'  downstream,  1  foot  rise 

(b)  "A"  Lignite 

Test,  Hole  T-2A 

Gage  Pressure 

Time 

Take  (Totsl) 

Take  (gpm) 

32 

240  min. 

24.1  gal. 

0.10  gpm 

Piezometer  reactions:  Test 
Piezometers  1,  2,  3,  4,  5 

Hole,  T-2A. 

-  no  reactions. 

(c)  "A"  Lignite 

Test  Holes  T-3 

,  T-4 ,  T-5. 

Gage  Pressure 

Time 

Take  (Total) 

Take  (gpa) 

28 

120  min. 

Hole  T-3 

20.  4  gal . 

0.  16  gpm 

24 

120  min. 

Hole  T-4 

154. 3  gal . 

1.28  gpm 

32 

120  min. 

Hole  T-5 

2.7  gal. 

0.02  gpm 

No  piezometer 

reactions  for 

Holes  T-3,  T-4,  T-5 

were  given  in  the 

field  notes. 
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4.3  SPILLHAT  FUSE  PLUG  FOPMPATIOH: 


4.3.1  A  fuse  plug  was  constructed  in  the  spillway.  the  plug  is  located  at 

spillway  Station  27+50  (Place  17),  and  is  designed  to  store  90  percent  of  the 

standard  project  flood  before  failing  under  floods  of  greater  magnitude. 

4.3.2  Drill  Hole  #DH-1 ,  as  shown  on  Plates  4  and  16,  indicates  a  predomi¬ 
nance  of  sandy  clay  material  for  the  fuse  plug  foundation.  Two  12-inch  by 

72-foot  corrugated  metal  pipes  are  located  at  the  base  of  the  fuse  plug  at 
the  flow  line  elevation  of  the  spillway  (Plate  16). 

4.3.3  The  original  surface  beneath  the  fuse  plug  was  cleared  and  stripped  tu 
a  depth  of  6  inches  and  a  2-foot  layer  of  compacted  impervious  fill  was 
placed  on  the  cleared  foundation.  Pervious  fill  was  then  placed  on  the 
impervious  base  of  the  fuse  plug. 

4.3.4  The  spillway  fuse  plug  is  designed  to  store  the  standard  project  flood 
but  to  fail  whenever  overtopped  by  floods  of  greater  magnitudes.  It  was  felt 
Chat  seepage  uider  the  fuse  plug  would  not  present  a  problon  due  to  the  base 
width  of  the  plug  and  the  relatively  low  potential  head  that  could  be 
expected  against  the  plug.  Plate  16  shows  the  fuse  plug  profile. 

4.4  SPILLHAT  SCOPE  C1TTOPF:  As  shown  on  Plate  16  and  17,  a  soil  canent  scour 
trench  was  constructed  near  the  lower  end  of  the  spillway  channel.  The  scour 
cutoff  bottoms  between  the  "C"  and  "D"  lignites  in  the  spillway  and  relies  on 
the  lignites  to  provide  some  degree  of  erosion  control  if  needed.  The  scour 
cutoff  trench  extends  approximately  12  feet  below  the  spillway  floor  at 
Station  23+00.  Plate  16  shows  details  of  the  spillway  scour  cutoff. 

4.4.1  Material  placed  in  the  scour  cutoff  consisted  of  a  combination  of  soil 
(mineral  aggregate),  Portland  cement,  and  water.  The  soil  (mineral  aggre¬ 
gate)  was  obtained  from  local  alluvial  deposits  and  met  the  following  grada- 


tion  requirements: 

Sieve 

3-inch 

Site 

2  Passing  (Height) 

100 

#4 

50-75 

#40 

25-50 

#2  00 

5-1  5 

Blending  sands  were 

added 

when 

necessary  to  meet  gradation  requirements. 

Mixing  of  the  soil, 

cement, 

and 

water  was  accomplished  by  an  in-place  mixing 

pl  an  t . 

4.4.2  The  canent  content  of  the  soil-canent  nix  ranged  between  a  minimum  of 
82  to  a  maximua  of  122.  The  aaount  of  water  in  the  mix  was  restricted  on  tl.c 
basis  of  over  dry  weight  such  that,  at  compaction,  the  material  was  at,  or  no 
more  chan  22  above,  optimma  moisture  as  specified  by  AASHO  Standard  T  134-57. 
Haul  times  were  restricted  to  45  minutes  maximum. 
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4.4.3  Soil-cement  was  placed  in  the  trench  in  6"  layers  and  initially 
compacted  with  tamping  rollers.  Final  compaction  was  by  rubber-tired 
rollers.  Compaction  ws  to  95t  of  maximum  density.  Time  between  placing  the 
6"  layers  and  complete  compaction  did  not  exceed  1-1/2  hours. 

Bonding  surfaces  between  the  6"  layers  were  kept  moist  until  the  next  layer 
of  the  mix  was  placed-either  vertically  or  laterally.  If  time  exceeded 
4  hour 8  between  bonding  layers  the  bonding  surface  was  cleaned  by  wire  brooms 
before  placing  the  next  layer. 
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CHAPTER  5.  -  EXCAVATION  PROCEDURES  FOR  COMPOSE  ETC  PARTS 


5.1  EXCAVATION  GRADES:  AS-DESIGNED  AMP  AS-BUILT:  The  original  onsite 

field  documentation  of  excavation  cuts  are  no  longer  available.  It  is 
assumed  that  grades  ware  excavated  to  profiles  shown  on  specification 
drawings.  It  is  realized  that  the  bottom  of  the  embankment  cutoff  trench 
probably  varies  slightly  from  the  outline  given  on  Plates  6  and  9  since  the 
depth  of  excavation  for  the  trench  varied  with  the  elevation  of  the  "A" 

lignite  and  the  "A"  lignite  undulates  across  the  embankment  area.  The  cutoff 
trench's  bottom  is  below  the  "A"  lignite. 

5.2  BK  WATERING: 

5.2.1  As  shown  by  photos  2  and  3  and  drill  holes  63-1  2,  63-4,  63-1  1  ,  63-3  , 

and  63-10  (Plates  5  and  6),  it  was  necessary  to  dewater  the  embankment  cutoff 

trench;  also,  as  shown  by  water  levels  for  drill  hole  63-18,  it  would  have 
been  necessary  to  dewater  portions  of  the  excavation  for  the  outlet  works. 

Details  of  the  dewatering  process  are  no  longer  available;  however,  photo¬ 
graphs  2  and  3  give  an  indication  of  the  general  method  used  for  the 

embankment  cutoff  trench. 

5.2.2  It  appears  as  though  water  levels  were  lowered  by  pumping  while  excava¬ 
tion  below  the  "A"  lignite  was  accomplished  by  bulldozers  which  pushed  the 
excavated  material  into  che  ponded  water.  The  water-earth  mixture  was 
removed  by  dragline  bucket.  Impervious  fill  was  then  placed  and  compacted  by 
rollers. 

5.3  OVglBPEflKR  EXCAVATION:  Overburden  was  excavated  by  traditional  bull¬ 
dozer  and  scraper  methods  (photo  27).  No  special  supporting  methods  were 

needed.  Excavated  overburden  was  used  as  fill  for  the  project. 

5.4  ROCX  EXCAVATION:  Ex  cavation  methods  of  the  bedrock  (Ludlow  formation) 
were  s  imilar  to  met  hods  used  for  the  overburden.  No  drilling  and  blasting 
progran  was  used. 

5.5  SPILLHg  EXCAVATION:  Spil  lway  excavation  was  by  conventional  bulldozer 
and  scraper  methods.  In  addition,  a  power  shovel  was  used  to  excavate  the 
layer  of  concretionary  rock  encountered  during  spillway  excavation  (photo 
24)  . 


5.6  FOPHPATION  PREPARATION  (INCUDES  PROTECTION  OF  HEATHER  SENSITIVE 
HATERIAL8):  Structure  foundations  were  excavated  to  neat  lines  as  shown  on 

drawings  after  all  unsuitable  material  was  stripped  from  the  surface.  Prior 
to  placing  fill  on  flat  or  gently  sloped  areas,  the  foundation  was  scarified 
to  a  depth  of  6  inches.  The  surface  was  then  compacted.  On  steeper  slopes, 
the  slope  was  notched  through  any  dried  material  to  allow  rollers  to  bond  the 
fill  to  the  slope  material.  Prior  to  placing  fill,  all  foundation  surfaces 
were  inspected  and  approved  by  the  Goverrment.  No  fill  was  placed  on  any 
surface  that  was  frozen  or  had  standing  water  or  was  slushy  or  slippery. 
Work  completion  schedules  were  such  that  no  critical  surfaces  were  exposed 
during  the  winter  months. 
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CHAPTER  6.  -  TtBOELS,  SHAFTS 


AHD  CJHDERGSOUHD  STRUCTURES 


6.1  IIUP  COWDUIT;  The  outlet  vmrks  are  located  in  the  left  abutment. 
The  excavation  for  the  intake  structure  and  conduit  extend  through  the  over¬ 
burden  and  a  lean  clay-clayey  sand  horizon  of  the  Ludlow  formation  (Plate  7). 
The  bottom  of  the  intake  structure  is  located  below  the  "A"  lignite,  and  the 
structures  are  founded  in  the  clayey  sand  layer  between  the  "A"  and  "B" 
lignite.  Details  of  the  outlet  works  conduit  are  shown  on  Plate  22. 

6.1.1  The  conduit  is  10  feet  in  diameter  and  consists  of  14  cast-in-place 
monoliths  that  extend  341  feet  between  the  intake  structure  and  the  stilling 
basin.  Concrete  collars  were  placed  between  all  monoliths.  The  conduit  was 
constructed  through  two  contracts.  The  first  contract  involved  placing 
12  monoliths  and  the  construction  was  completed  by  a  second  contract  vdiich 
placed  the  two  remaining  monoliths  (those  connecting  to  the  intake  structure 
and  stilling  basin).  Ihotos  21  and  22  show  methods  used  for  casting  in-place 
conduit  inverts. 

6.1.2  Excavation  for  the  conduit  was  by  conventional  excavation  methods. 
The  conduit  was  cast  in-place,  and  no  unusual  or  unique  foundation  conditions 
were  encountered  during  construction.  The  conduit  foundation  is  the  only 
underground  structure  at  the  project.  Dewatering  was  necessary  for  construc¬ 
tion  portions  of  the  conduit  (Photo  11).  Dewatering  methods  have  been 
discussed  in  Chapter  5.  Bnplacement  of  the  conduit  was  by  the  cut-and-cover 
method . 
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CHAPTER  7  -  CHARACTER  OP  FOOBDATIOI 


7.1  FODEDATIOI  SURFACE:  The  soil  and  rock  units  which  form  the  foundation 
materials  of  the  dam,  after  excavation  of  the  cutoff  trench,  are  shown  on 
Plates  5  and  6.  The  plates  indicate  that  generally  from  Station  25+00  to 
Station  55+00  foundation  materials  are  mostly  classified  as  SC.  From  Station 
55+00  on  the  found'ation  materials  are  classified  as  CL. 

7.2  Engineering  characteristics  of  foundation  soil  and  rock  have  previously 
been  discussed  under  "Engineering  Characteristics  of  overburden  Material"  and 
"Engineering  Characteristics  of  Bedrock  Material." 


7.3  HATER: 


7.3.1  Natural  water  levels  at  the  project  are  shown  on  Plates  5  through  12. 
As  indicated,  water  levels  were  generally  below  the  base  of  the  intake 
structure  but  above  the  bottom  of  portions  of  the  cutoff  trench.  ftartions  of 
the  cutoff  trench  were  dewatered;  however,  original  records  with  details  of 
the  dewatering  progran  are  not  available. 

7.4  SPECIAL  OR  UMPSOAL  COTOITIORS:  The  dam  is  imderlain  by  several  lignite 
seass  and  seepage  does  occur  along  lignite  "A."  Seepage  along  the  lignite  is 
discussed  later  in  this  report  under  "Foundation  Instrumentation."  Water 
pressure  tests  of  the  lignite  are  discussed  in  paragraph  4. 2. 1.2. 
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CHAPTER  8.  -  FOUNDATION  INSTRUMENTATION 


8.1  CEMRAL:  Foundation  instrumentation  consists  of  seven  (7)  open  tube 
piezometers,  eleven  (11)  crest  movement  markers,  thirty  (30)  conduit  markers, 
six  (6)  stilling  basin  markers,  and  eight  (8)  intake  markers.  In  addition, 
four  lignite  drains  are  used  to  monitor  a  seepage  area  on  the  left  bank  of 
the  outlet  channel  near  the  stilling  basin.  Location  of  the  instruments  are 
shown  on  Plates  23  and  24. 

8.2  PIEZOMETERS:  Seven  piezometers  were  installed  in  the  left  abutment  in 
1969  to  monitor  the  piezometric  gradient  in  the  left  abutment  along  a  line  of 
seepage  through  lignites.  Piezometer  observations  are  shown  on  Plate  23. 
Piezometer  readings  generally  respond  to  pool  fluctuations  (Plates  25  through 
27)  and  have  decreased  through  time.  This  could  indicate  that  there  has  been 
a  buildup  of  silt  along  the  upstrean  toe. 

8.2.1  Seepage  Through  Lignites:  In  August  1968  (periodic  Inspection  No.  1), 
seepage  was  observed  to  be  emerging  adjacent  to  the  stilling  basin  at 
approximately  elevation  2720.  At  the  time  the  pool  was  at  elevation  2749. 
The  seepage  was  in  or  at  the  top  of  the  "A"  lignite  layer.  Several  other 
seeps  were  observed  at  the  same  elevation  further  downstream  from  the 
stilling  basin  (Plate  24).  Seepage  was  limited  to  the  left  abutment  side  of 
the  outlet  channel.  Seepage  water  was  clear  with  no  evidence  of  piping. 
Seepage  flow  observations  are  shown  on  Plate  24A.  The  plate  shows  flow 
observations  as  indicated  by  four  drains  that  had  been  installed  earlier  to 
monitor  the  seepage.  In  September  1982,  the  four  older  drains  were 
replaced  . 

8.2.2  Overall  seepage  through  the  "A"  lignite  is  sufficient  to  saturate  the 
slope  on  the  side  of  the  stilling  basin  but  is  not  considered  dangerous  to 
the  abutment. 

8.2.3  Crest  Movement  Markers:  The  location  and  plots  of  the  crest  movement 
markers  are  shown  on  Plates  28  and  29.  The  settlement  plots  show  settlement 
at  a  fairly  uniform  rate  except  for  marker  CM-7  which  has  settled  at  a  slower 
rate.  There  is  slight  nonuniform  settlement  in  the  area  of  the  conduit  that 
is  not  considered  critical  but  is  monitored.  Maximum  settlsnent  has  occurred 
in  the  closure  area  at  Station  45+00  (CM-5)  with  0.223  feet  of  total  settle¬ 
ment.  Crest  markers  indicate  only  minor  horizontal  movement  and  most  of  this 
is  in  the  closure  area. 

8.3  CONDUIT,  STILLING  BASIN,  AMD  I NT ARK  MARKERS:  Vertical  movement  surveys 
for  the  structures  are  shown  on  Plate  30.  Survey  data  indicates  that  only 
minor  movement  has  occurred.  It  should  be  noted  that  the  1975  reading  at 
Point  C-l  3  and  the  1981  reading  at  Point  SB-5  are  survey  errors. 

8. A  AUTOMATIC  PIEZgWTER  MONITORING  ST  STEM:  Due  to  the  project's  isolation 
and  the  fact  that  no  employees  of  the  Corps  are  stationed  near  the  dam,  a 
satellite  monitoring  system  is  currently  being  implemented  to  observe  water 
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levels  in  six  of  the  seven  existing  piezometers  at  the  dam.  Piezometer  loca¬ 
tions  are  shown  on  Plate  33  and  an  installation  diagram  is  shown  on  Plate  34. 
Bell  and  Howell  pressure  transducers  are  being  placed  in  the  piezometers  and 
every  4  hours  water  level  readings  will  be  relayed  via  the  National  Environ¬ 
mental  Satellite  Service  to  a  U.S.  Bureau  of  Reclamation  station  at  Boise, 
Idaho.  The  data  will  be  forwarded  to  the  Corps  computer  in  Portland,  Oregon, 
where  the  information  will  be  stored.  Qnaha  District  will  receive  the  water 
levels  daily  through  a  telephone  hookup.  Specifications  for  the  transducers 
are  shown  on  Plate  3  5. 

The  system  is  justified  by  dam  safety  requiranents.  On  several 
occasions  in  the  past,  the  public  has  called  the  District  Office  with  what 
they  (the  public)  thought  were  safety  problens.  Although  the  reports  were 
false,  they  were  difficult  to  investigate  in  a  timely  matter.  The  satellite 
system  will  permit  a  timely  determination  as  to  whether  or  not  a  safety 
problem  exists  when  similar  reports  are  received  from  the  public  in  the 
future.  It  is  estimated  that  the  automatic  piezometer  monitoring  system  will 
be  operational  by  the  end  of  1985. 
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CHAPTER  9.  -  POSSIBLE  FUTURE  PROBLEMS 


9.1  COTOOIT  nmffl:  In  June  1981,  a  slow  oozing  leak  was  discovered  at 
the  conduit  monolith  joint  9-10  which  is  approximately  50  feet  upstream  from 
the  centerline  of  the  dam.  There  was  a  three  (3)  inch  deep  layer  of  soil  in 
the  conduit  that  extended  approximately  12  feet  downstream  from  the  joint  and 
5  feet  upstrean  from  the  joint.  Holes  were  drilled  through  the  conduit  to 
determine  the  existence  of  voids  between  the  conduit  and  embankment  material. 
No  voids  were  found.  Fill  and  water  were  found  immediately  behind  the 
conduit  in  all  the  holes.  Sieve  analysis  was  run  on  the  embankment  soils  and 
soil  found  inside  the  conduit.  Bnbankment  soil  was  a  fat  clay  with  84 
percent  passing  the  No.  200.  Soil  found  inside  the  conduit  was  silty  with 
28-34  percent  passing  the  No.  200  sieve.  Since  no  voids  were  found  behind 
the  conduit,  it  was  concluded  that  embankment  material  was  not  piping  through 
the  conduit  joint.  It  is  possible  that  the  sand  was  deposited  in  the  wet 
area  by  wind  passing  through  the  conduit.  Seepage  which  produces  the  moist 
area  in  the  conduit  is  not  presently  considered  critical  but  is  closely 
monitored . 

9.2  "A"  LIGRITK:  Usderseepage  through  the  "A"  lignite  is  another  potential 
future  problem  which  is  not  currently  critical  but  is  monitored  closely. 
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Specifications  Bell  &  Howell 

|  INPUT _ _ 

Type  Number _ _ _  '■teg  a 


Pressure  Ranges  0  75  *  2  3  5  f  K  ca-  Apsoute  O'  vernec  Gauge  Re'eence 

1’l  3 C  5u  7L  iQ.  -5.  202  25c  350  500  70C  Da’  Sea*eC  «e!e’6'-ce 


t  >  'atea  press* -e  o>  632  Da-  w*icneve  i$  less  wnen  supp"ec 

10'  m.noie;,  noi  cause  a  zero  se*  exceeding  0  5-l  FRO 

Electrical  Configuration 

4  wire  system  Output  not  isolated  irom  input  tsee  wiring  a*agrami 

Supply 

Rated  10V  a  c  Doe-apie  10  30v  o  c  continuous  35v  d  c  tor  5  seconds  maximum  Consumption  22  mA  maximum 

Supply  Protection 

Tne  transducer  is  protecieo  aga*nsi  supply  polarity  reversal 

OUTPUT 

1  Full  Rano*  Output  (FRO) 

5v  ♦  '  a’  ■»  25°C  anp  'atec  Supply  »2mA  maximum  Output  Current . 

Residual  Unbalance 

Cv  2  i  fPC  a-  -  25*C  a-c  -atec  SuDP> 

Non  Linearity  4  Hysteresis 

Md>  c c  ' ec  e“er ■  »  C-  6  fr^  ’rom  oes*  s-'aig*’  1  n* 

Resolution 

Cont<nMOwS 

Output  Resistance 

50fl  maximum 

1  Capacitive  Loading 

Up  10  0  l  tf 

Output  Noise 

5  mv  pea*  to  peax  max  mum 

|  Supply  Voltage  Sensitivity 

cess  man  c  21  FRO-v  tor  tC  to  30v  c  c  suop'v 

Output  Protection 

Snet  cc-  ■  c‘  Owtp-'s  o'  connections  to  negat  ve  s*pp  y  ■  ne  not  ca-re  damage 

Sno"  c-'Cu1*  o'  Ouip^is  to  pos'ti.-e  supply  nne  'or  ionge-  man  5  seconas  not  pe  ^  ties 

1  Output  Limit 

Output  win  not  e»ceea  6  5^  a  c 

ENVIRONMENTAL 

j  Temperature  Range 

-  10*C  to  -  i00*C  icompensateo,  -  54*C  to  ♦  t2C*C  (operating. 

Thermal  Zero  Shift 

Max-mum  ♦  w  016  fro  *C  Over  compensateo  temperatu'e  range 

Thermal  Sensitivity  Shift 

Maximum  iCCi8-  FRO  *C  over  compensaieo  tempe'atu*e  range 

'  Vibration  (35  g  peak 

5  2000  Hz  12  mm  double 
amplitude  maximum) 

Response  *  1  not  exceea  C  06 :  FRO  g  tor  0  75  oar  range  oecreaS'ng  toga* -mm  ca  >  *.m 
pressure  range  to  0  015- .  FRO  g 
to-  700  Dar  range 

Acceleration  (100  g  steady ) 

Resoonse  w-r  no',  exceeo  0  05- .  FRO/g  tor  0  75  Dar  range  decreasing  loganmmica'iy  w.tn  pressure  range  ;c  2  >.  *: 

FROrg  *0'  700  Da-  range 

1  Mechanical  Shock 

! 

100  g  natt  sme  wave  puise  »or  11  milliseconds  win  not  damage  me  transduce- 

External  Pressure 

l 

1 _ 

Externa-  p-essure  mot  apoiiea  to  pressure  port)  trom  0  to  20  Par  A  will  not  aftect  me  t-ansduce- 
(Absolute  and  Sea'ed  Re'erence  units  oniyi 

1  Humidity 

Bhl-4004  00  OperaDie  10  95f  R  h  at  up  to  36*C 

Bhc  4003  00  Fuiiy  «mme'S-Die  to  200  m 

MHYSICAL 

^rressure  Connection 

G' .  mte-na  tnread  10  BS  2779  13  mm  oeep 

Electrical  Connection 

Bhl  4X3  0C  »niegfa-  sea  ea  cacie  assempiy  m  stanoard  tengms  o'  ’  metre  term.nat-ng  .•*  t  y.-g 
finr-  4004  0C  t  pm  s-ze  10  bayonet  10c*  connecto' 

Isolation 

Ai  connect-on*  so-ates  t'o^  case  insuianon  res  stance  g-eate-  tnar-  500  Mfi  at  85v  a  c 

Materials  in  Contact  with 

Pressure  Media 

1?  a  Pi-  anc  *5  -  Mo  sia-mess  stee-s  ’0-  'angei  6  ca-  an c  oe  ov. 

17.4  pm  sia-n-ess  siee  tor  ranges  7  pa-  ana  above 

Included  Accessories 
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CONSTRUCTION  FOUNDATION  REPORT  (1985) 


PLATE  3A 


PHOTO  1.  July,  1964.  View  toward  South  at 
Dam  Site  Prior  to  Construction 


PHOTO  2.  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment. 


PHOTO  3.  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment. 
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PHOTO  9.  September,  1966,  Backfull  Operations 
in  Cut-off  Trench-Closure  Section,  Main  Embank¬ 
ment  . 
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PHOTO  5.  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment. 


PHOTO  6.  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment. 


PHOTO  7  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment 


PHOTO  8,  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment. 


PHOTO  9  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment. 
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PHOTO  9A.  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment 


PHOTO  9B  September,  1966,  Excavation  of  Cut-Off 
Trench-Closure  Section,  Main  Embankment 


PHOTO  10.  Conduit  Construction 


PHOTO  11.  September,  i%6.  Trenching  for  Out¬ 
let  works 
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PHOTO  12  Upstream  Portion  of  Stilling  Basin 
With  Fill  Placed  on  Conduit . 


PHOTO  15.  Stilling  Basin,  Showing  Foundation, 
Slab,  and  Wall  Reinforcing-View  is  East 


PHOTO  16.  August,  1966,  Stilling  Basin  Slab 
Pour-View  is  N.  W. 


PHOTO  17,  September,  1966,  Spi 1 lway-Soi 1  Cement 
Scour  Cut-Off  Prior  to  Watering  and  Covering. 
View  is  to  the  South. 


PHOTO  18.  September,  1966,  Beginning  to  Place 
Soil  Cement  in  Spillway  Cut-Off  Trench.  View 
is  to  the  South 


PHOTO  19.  September,  1966,  Spillway-Lignite  in 
Scour  Cut-Off  Excavation. 


PHOTO  20.  September,  1966,  Spillway  Scour 
Cut-Off  Excavation 


PHOTO  21.  September,  1964,  Outlet  Works 
Conduit  Invert  Collar  Excavation. 


PHOTO  22.  August,  1964,  Outlet  Works- 
Excavation  for  Conduit  Collar  Invert, 
17%  Completion 


PHOTO  23.  November,  1964,  Outlet  Works 
Conduit,  90%  Backfilled.  View  is  East 


PHOTO  24.  April.  1967.  Spillway  Excavation  Show¬ 
ing  Concretionary  Type  Rock  Encountered. 


PHOTO  25.  April.  1967,  South  Slope  of  Spillway 
Showing  Concretionary  Rock  in  Place. 
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